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In the present state of the art, devices are 
available known as nut runners, which are used 
for this same general purpose, but the devices of 
the prior art, while useful for obtaining an 
proximately predetermLued tension, are not sen- 
sitive enough te satisfy the requirements in many 
cases where a very accurate predetermined ten- 
sion is essential. For example, in the aircraft 
englue industry, the variations allowed from the 
specified tension are so minute that it has here- 
tofore been necessary te obtain the final ten- 
sioning by hand, utilizing a so-called torque 
wrench. 
One of the objects of the present invention 
te provide an automatic device which will place 
a predetermined tension on bolts or studs with 
the extreme accuracy required in the aircraït en- 
gine industry. 
Another object of the invention is fo construct 
a device capable of providing the maximum al- 
lowable tension in any threaded fastenLug means. 
To accomplish this purpose, I bave provided 
a device of the nut runner type provided with a 
control means which wfll automatically stop the 
operation of the device when the metal in the 
bolt or stud bas reached a tension correspond- 
ing te.the yield point of the metal. 
The device itself and the underlying method 
and operation wfll be more readily understeod 
by reference to the accompanying drawings, 
wherein: 
Fig. 1 is a side view, partially in section, show- 
ing generally an apparatus of the nut runner 
type: 
Fig. 2 is an electrical diagram showing a cir- 
cuit which wfll automatically stop the operation 
of the nut running device when the yield point 
of the tensioned material is reached; 
Fig. 3 is a sectional view iHnstratLug a stud 
vhich may be tensioned by my apparatns; 
Fig. 4 is a typical stress-strain diagram of a 
metal commonly used in bolts and studs; and 
Fig. 5 is a graph illustratLug the functioning 
of the control circuit. 
leferrLug now te the drawLugs, 15 represents 
generallF a self-contained nut runnLug device 
having an electric moter Il, a step-down trans- 
mission 12, and a driven chuck 13 having a 
socket 14 adapted to engage the nut which is 
te be tightened. In Fig. 3 I have illustrated two 
parts |,5 and 16 adapted te be secured tegether 
by a stud |. The stud bas a threaded end 
usual]y provided with a relatively coarse thread 
and dapted to be engaged with one of the parts 
such as |5. The other end of the stud is pro- 
vided with a relaflively fine thread |9 adapted 
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to be engaged by the nut 20. This nut :may be 
tightened on the stud by engaging the same with 
the socket {4 of the nut runnig device and set- 
ring the device in motion by closing the starting 
5 switch. 
Fig. 4 is ,a stess-strain diagram of a metal of 
which the stud |  is composed. It will be ob- 
served that the diagram shows a straight line 
to the point 2 , which represents the elastic limit 
 of the metal. The point 22 is the yield point 
of the metal where if will be observed that the 
curve drops slightly, following whi, ch the stress.ls 
agaLu increased te the point 23, representing the 
uitimate strength of the metal. 
15 lYly invention takes advantage of the fact that 
as the tension iñ the stud is increased up te the 
yield point 22, the force required fo producethis 
tension in the metal is continually increasing, 
but when the yield point is reached, the :force 
'L'} required is either constant, slightly dropping, or 
very gradually increasing, in comparison tO that 
required previous te the yield point. 
My invention in ifs broadest aspects is in pro- 
vidLug means responsive fo the change in rate 
'.. of power or force applied when the metat reaches 
the yield point. I provide a mechanism which, 
when the yield point is reached, will autematï- 
cally shut off the power line fo the moter in the 
nut ruñning device. This mechanism may be 
30 electronic, magnetic, mechanica], or any combi- 
nation thereof, the essential point being that :if 
cornes into immediate operation to shut off the 
current supply by responding to the changed 
conditions existing when the metal reaches the 
b yield point. 
One mechanism for accomplishing this pur- 
pose is illnstrated in Fig. 2 which is an electrîcat 
diagram illustrating an electronic control mecha- 
nism. In this diagram the motor !  of he nut 
40 running device is connected by a circuit te an 
alternating current spp]y line 24, interruped 
by a manually operable starting switch 2 and 
a normally open relay switch 2. In advance of 
the starting sw]tch 2 there is connected fo the 
45 supply line a transformer 2. 25 is a coil in one 
of the motor leads for coupling the saine te £he 
grid and cathode of a suitable vacuum tube 29. 
The plate output of this tube is resistance cou- 
pled through resistors 35 and 32 and condenser 
50 33 to the diode-triode plates 34 and "5 of this 
tube. 
Rectification takes place in the diode circuit, 
and a negative voltage is thereby developed on 
the diode side of the resistor 32. This voltage is 
55 fed inte the tank condensers 3 and 3 through 
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their respective resistors 38 and 39. The rime 
constants of these two circuits 38--36 and 39--31 
are different, due to the fact that the resistance 
of 3 and the capacity of 37 are larger than those 
of 38 and 36. Thus the potential across con- 5 
denser 3 lags behind that of condenser 36 by a 
predetermined amount of rime. The rime in- 
terval is chosen, for example, as one-tenth sec- 
ond, so that when the left section 40 of a vacuum 
tube 4! reflects input to the motor ! I ata certain 10 
instant of rime, the right hall 43 of the vacuum 
tube 4! is reacting to the input as it was 
one-tenth second before that instant, and the 
opposing pulsations in the transformer 44 are 
unbalanced. Power wi]l thus be developed to 15 
close the normally open relay switch .26. When 
the input to the motor ! ! has remained constant 
for one-tenth second, the voltage across con- 
denser 31 approaches that of condenser 6, caus- 
ing the pulsating voltages across transformer 44 20 
to balance and the relay switch 26 to resume its 
normally open position. 
Whfle I have given the rime interval above 
as one-tenth second, it wfll be understood that 
this is only by way of example, and the rime 25 
interval my be suitably chosen to-have other 
values, depending upon the particular conditions 
of operation. The values are chosen so that the 
relay switch 26 is closed whfle the power to the 
motor ! ! is increasing due to increased .load and 3o 
is opened when the rate of power increase 
changes, due to the fact that the yield point 
of the metal in the stud has been reached. 
A starting load relay 45 is connected across 
the line to the motor !! between the starting 35 
switch 25 and the motor ! !, the ftmction of which 
is to by-pass the ri]put current to the motor at 
the instant of starting and to cut out and allow 
the electronic circuit to function when the motor 
is free running and tocontinue to function luring 40 
the increased input power to the motor until the 
relay switch 26 is opened, as above described. 
The operation of the device is further il]us- 
trated by the power curve of Fig. 5. At the 
instant of starting, the current has the high . 
value indicated at 46, which drops off in a short 
rime to the value given at 4, where the motor 
is free running. As soon as the nut begins to 
tighten on the thread of the stud, represented 
at point 41, the input power begins to increase o 
and continues to do so untfl the yield point of 
the tensioned material is reached, which is indi- 
cated at point 49. ttere the Power remains 
constant or drops off slightly for an intervàl 
suflicient to open the relay switch 6, as pre- 55 
viously described. Were it hot for the opening 
of the relay switch, the power would again rise 
until the ultimate strength of the tensioned ma- 
terial was reached, as indicated at the point 50, 
where the tensioned material would rail com- 
pletely. 
It should be understood that my invention is 
particularly designed for tensioning studs which 
are relieved or undercut, as shown at 5! in Fig. 3, 
in order that greater strength may be provided 
in the threaded ends 16 and fS than in the un- 
dercut body section. This is, of course, to pre- 
vent failure in the threaded ends prior to the 
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stressing of the undercut sections fo the yield 
point of the metal. 
It should also be understood that the elec- 
tronic circuit il]ustrated in Fig. 2 is given mere]y 
by way of example and that other e]ectrical cir- 
cuits may be used, provided they are resPonsive 
to the change in rate of power input to the mo- 
tor I !, due to the act that the yield point of the 
metal under tension is reached. 
My invention also contemplates other equiva- 
lent means for automatically shutting off the 
driving Power of the nut runner when the yield 
point of the metal bas been reached, by taking 
advantage of the decreased stress which occurs 
at that rime. 
What I claim as my invention is: 
1. An apparatus for tensioning a astening 
member having a threaded engagement with a 
nut, which comprises an e]ectrically driven 
torque app]ying motor mechanica]]y engageable 
with said nut, electronic means for maintaining 
the electric input to said motor when said fasten- 
ing member is within its elastic limit, and elec- 
tronic means responsive to the change in elec- 
tric input when the yield point of said fastening 
member is reached for automatically opening the 
input circuit to said electrica]ly driven torque 
applying motor. 
2. An apparatus or tensioning a ïasteuing 
member having a threaded engagement with a 
nut, comprising a socket member engageable 
with said nut, an electric motor for driving said 
socket member, a relay in the input circuit of 
said motor, and electronic means operab]e to 
maintain said relay c]osed during increasing in- 
put to said motor and to open said relay when 
the input to said motor ceases to increase. 
3. An apparatus for tensioning a fastening 
member having a threaded engagement with a 
nut, which comprises a nut-engaging member, 
an e]ectric motor rotatably connected to said 
member and electrically connected to a Power 
input circuit, a relay switch in sa.id power input 
circuit, electronic means for maintaining said re- 
lay switch closed during increasing current input 
to said mEtor and electronic means electrically 
coupled to said input circuit adapted to open said 
re]ay switch when the current input ceases to 
increasc. 
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